Introduction
Oral squamous cell carcinoma (OSCC) is the most common malignancy arising in the head and neck globally (1) . Over the previous decades, the incidence of OSCC has significantly increased, and only a small improvement in the 5-year survival rate has been demonstrated (from 56% in 1989-1994 to 62% in 2007-2011) in a Netherlands study between 1989 and 2011, despite advances in surgical techniques, radiation and chemotherapy (2) . It is widely accepted that angiogenesis serves an important role in tumor growth and is one of the hallmarks of malignant tumors, including OSCC (3) (4) (5) . Therefore, inhibiting angiogenesis provides opportunities for the development of novel therapeutic agents and strategies for OSCC.
Vascular endothelial growth factor (VEGF) is one of the potent regulators of tumor angiogenesis and is considered to be an important therapeutic target (4, 5) . VEGF-A is a key VEGF family member that is known to be involved in tumor angiogenesis in a number of malignancies (6, 7) . Several groups have indicated that marked VEGF-A expression is observed in 70% of OSCC tissues (8) , and that its expression levels are significantly increased in patients with OSCC with lymph node metastasis or a poor prognosis compared with those with a good prognosis (9) (10) (11) .
One of the well-recognized VEGF-targeting drugs is bevacizumab, a recombinant humanized monoclonal antibody against VEGF-A, which inhibits the biological activity of VEGF (12) . It is clinically administered by intravenous injection. Previous studies have indicated that the preclinical and clinical use of bevacizumab has beneficial effects on a variety of malignant tumors, including metastatic colorectal (13) , breast (14) and lung cancer (15) . In addition, the antitumor effects of bevacizumab have been demonstrated in nude mouse xenograft models of head and neck squamous cell carcinoma (HNSCC) (16) (17) (18) (19) .
Effects of peritumoral bevacizumab injection against oral squamous cell carcinoma in a nude mouse xenograft model: A preliminary study
Generally, as life expectancy extends, the number of elderly patients (≥65 years) with HNSCC increases (20) . This results in difficulties in treatment, as intravenous chemotherapy against HNSCC, including OSCC, intensifies the side effects experienced by elderly patients (21) . Antitumor agents may be delivered directly into tumor tissues by local injection. These local injections enhance the antitumor activity and diminish the side effects of the chemotherapeutic agents. Intratumoral injections, representing one of multiple local injection techniques, have already been established in the treatment of lung cancer (22) . Intratumoral injections of bevacizumab were indicated to reduce tumor growth in squamous cell carcinoma (SCC) xenografts (19) . However, the antitumor effects of peritumoral bevacizumab injection in mouse models of SCC, including OSCC, are not well understood. Therefore, the present study investigated the antitumor effects of peritumoral bevacizumab injections on OSCC xenografts. To the best of our knowledge, this is the first study to demonstrate the effects of peritumoral bevacizumab injections on OSCC.
Materials and methods
Reagents. Bevacizumab was purchased from Chugai Pharmaceutical Co., Ltd. (Tokyo, Japan) and dissolved in saline. Rat anti-mouse cluster of differentiation (CD)31 monoclonal antibody was purchased from DIANOVA Vertriebs Gesellschaft mbH (Hamburg, Germany). Anti-α-smooth muscle actin (α-SMA) was purchased from Abcam (Cambridge, MA, USA). Indigocarmine was purchased from Daiichi Sankyo Company (Tokyo, Japan). All other chemicals and reagents were purchased from Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA, USA), Sigma-Aldrich; Merck KGaA (Darmstadt, Germany) and Wako Pure Chemical Industries, Ltd. (Osaka, Japan), unless otherwise specified.
Cell lines and culture conditions. The HSC-3 cell line (Japanese Cancer Research Resources Bank, Tokyo, Japan), a human OSCC cell line, was used in the present study. The cells were maintained in α-minimum essential medium (α-MEM) (Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (BioWest, Nuaillé, France), 100 IU/ml penicillin and 100 mg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) and grown at 37˚C in a 5% CO 2 atmosphere.
OSCC treatment model. A total of 18 female BALB/c nude (nu/nu) mice weighing 18.9±1.0 g (5-week-old; CLEA Japan, Inc., Tokyo, Japan) were used in the present study. All mice were kept in housing conditions of 21-25˚C and 40-70% humidity, in a 12 h dark/light cycle with free access to food and water. A total of 5x10 6 HSC-3 cells were re-suspended in 50 µl α-MEM mixed with 50 µl of Matrigel (BD Biosciences, San Jose, CA, USA; non-diluted), and injected subcutaneously into the flank of anesthetized mice. Tumor-bearing mice were randomly divided into three groups (n=6 each), and tumors were allowed to reach ~40 mm 3 in size. Weight loss exceeding 20% was considered a humane endpoint.
The model in the present study used peritumoral injection, not intratumoral, to avoid artificial injury by the needle and to surround the tumor mass with the injected solution. The following method was demonstrated to be most suitable for spreading the injected solution around the tumor. A Hamilton microliter syringe (50 µl; Hamilton Company, Reno, NV, USA) with a 26-gauge needle was used. The needle was inserted subcutaneously a distance of 5 mm from the tumor periphery into the caudal-rostral side, positioned to a distance of 2 mm from the tumor periphery, and then 25 µl indigocarmine was subcutaneously injected. The other 25 µl indigocarmine was subcutaneously injected into the rostral side by the same method. Consequently, the tissue around the tumor was stained blue (Fig. 1) , and the injected solution did not indicate any leakage from the injection points.
Based on the aforementioned method, the mice were treated by peritumoral injection when the tumor mass reached ~40 mm 3 in size. Briefly, 25 µl of 10 mg/ml bevacizumab or saline was subcutaneously injected into the caudal and rostral sides, respectively) using the Hamilton microliter syringe. Each 25 µl from both sides (a total of 50 µl) was administered twice a week for 4 weeks. The mice in the control group did not receive any treatment.
Tumor diameters were measured twice a week for 28 days. Tumor volume was determined using the following formula: (0.5 x length x width 2 ), as described by Fujita et al (16) . Mice were then euthanized and the tumor was carefully removed along with the overlying skin and the surrounding tissue (Fig. 2) . Whole tumor specimens were fixed immediately with 4% paraformaldehyde and embedded in paraffin for subsequent histological examinations. All animal experiments were approved by the Animal Ethics Committee of the University of Fukui (approval no. 28075) and performed in accordance with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health) (23) .
Immunohistochemistry. CD31 is mainly expressed in the vascular endothelia. In addition, α-SMA is found in perivascular interstitial cells of microvascular proliferation. Thus, immunoreactivity to CD31 and α-SMA shows the appearance of immature and mature tumor vessels, respectively (24) . In order to evaluate the endothelial cells of intratumoral microvessels and the recruitment of vascular mural cells, immunostaining for CD31 and α-SMA was performed. The sections were de-paraffinized in Clear Plus (Falma Co., Ltd., Tokyo, Japan) for 15 min and rehydrated in 100% ethanol for 15 min at room temperature. The endogenous peroxide activity was eliminated with a solution of 0.3% H 2 O 2 in methanol for 15 min at room temperature. For antigen retrieval, the sections were immersed in 1 mM EDTA-2Na/10 mM Tris buffer (pH 9.0) and autoclaved at 105˚C for 15 min. Protein Block Serum-Free solution (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA; non-diluted) was used to block non-specific immunoreactions for 10 min at room temperature. The sections were incubated with primary antibodies against CD31 (cat no. DIA-310; DIANOVA Vertriebs Gesellschaft mbH; dilution, 1:20) and α-SMA (cat no. ab5649; Abcam; dilution, 1:100) for 60 min at room temperature. The sections were then incubated with biotinylated rabbit anti-rat IgG (cat no. BA-4000; Vector Laboratories, Burlingame, CA, USA; dilution, 1:100) for CD31 or Histofine simple stain MAX-PO (cat. no. 424151; Nichirei Biosciences, Inc., Tokyo, Japan; non-diluted) for α-SMA for 30 min at room temperature. This was followed by treatment with streptavidin-horseradish peroxidase for 60 min at room temperature (Vector Laboratories; dilution, 1:500). Immunoreactivity was visualized by immersing the sections in 3,3'-diaminobenzidine (DAB; DAB substrate kit; Dako; Agilent Technologies, Inc.). Subsequently, sections were counterstained with hematoxylin for 5 min at room temperature, dehydrated in 100% ethanol and replaced by Clear Plus at room temperature. The sections were rinsed three times in TBS between all steps. We observed them using a light microscope at magnification, x400.
Quantification of microvessel density (MVD) with CD31
and α-SMA. CD31-and α-SMA-stained tissue sections were analyzed, and all CD31-and α-SMA-positive intratumoral microvessels were identified at magnification, x400. These vessels were then counted in each individual microscopic field (x400), as described by Cao et al (17) ; at least 7 microscopic fields per histological section were included in the analysis. The results were presented as the average MVD per high power field.
Evaluation of apoptosis.
The terminal deoxynucleotidyltransferase-mediated dUTP-biotin nick labeling (TUNEL) method was applied to evaluate apoptosis using the in situ Apoptosis Detection kit (Takara Bio, Inc., Otsu, Japan) according to the manufacturer's protocol. Briefly, the sections were de-paraffinized in Clear Plus for 15 min, rehydrated in 100% ethanol for 15 min and permeabilized using 10 µg/ml proteinase K (Invitrogen; Thermo Fisher Scientific, Inc.) for 10 min at room temperature. The endogenous peroxide activity was eliminated with a solution of 3% H 2 O 2 for 5 min at room temperature. The sections were incubated with 50 µl of labeling reaction mixture (consisting of TdT Enzyme 5 µl + Labeling Safe Buffer 45 µl; Apoptosis Detection kit; Takara Bio, Inc., Otsu, Japan) in a 37˚C humidified chamber for 90 min. Then, they were reacted with 70 µl anti-FITC horseradish peroxidase (not diluted, cat no. MK503; Takara Bio, Inc.) for 30 min at 37˚C. Immunoreactivity was visualized by immersing the sections in 3,3'-diaminobenzidine (DAB; Dako, Agilent Technologies, Inc., Santa Clara, CA, USA) for 10 min at room temperature. Subsequently, sections were counterstained with 3% methylgreen for 5 min, dehydrated in 100% ethanol, and replaced by Clear Plus. EXCEL Mount (Falma, Tokyo, Japan) was used for mounting. The sections were rinsed three times in TBS between all steps. Apoptotic cells were counted at magnification, x400. The apoptosis index (the proportion of apoptotic cells) was determined by counting the TUNEL-positive cells per total number of tumor cells, avoiding necrotic tumor areas, from a minimum of 5 microscopic fields in each individual section using a light microscope.
Statistical analysis. All statistical analyses were performed using Excel Statistics 2012 software (version 1.13, Social Survey Research Information Co., Ltd., Tokyo, Japan; for windows). Measured values are presented as the mean ± standard deviation (SD). Tumor volumes, MVD and apoptosis indices were analyzed using a one-way analysis of variance with the Tukey-Kramer multiple comparison post-hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results

Antitumor effects of bevacizumab on OSCC xenografts.
The antitumor effects of bevacizumab on HSC-3 tumors propagated in nude mice were investigated. As indicated in Table I and Fig. 3 , the tumor volume was reduced without any apparent toxicity in all bevacizumab-treated groups compared with the saline-treated groups and untreated controls. The differences between groups were statistically significant at 28 days following treatment (P<0.01).
Quantification of the density of CD31 and α-SMA-positive microvessels in OSCC xenografts. In order to determine whether angiogenesis had been inhibited, the microvessel density in the xenograft tumors was examined by immunostaining for CD31. As demonstrated in Fig. 4 , the densities of the CD31-positive microvessels in the untreated, saline-treated and bevacizumab-treated groups were 11.9±4.5, 11.4±3.8, and 6.4±3.0, respectively. There was a significant difference in the densities of the CD31-positive microvessels between the bevacizumab-treated and the two control groups (P<0.01). To understand the recruitment of vascular mural cells, the densities of α-SMA-positive microvessels were examined. As indicated in Fig. 5 , the density of α-SMA-positive microvessels in the untreated, saline-treated and bevacizumab-treated groups were 7.3±1.9, 7.4±2.4 and 3.7±1.5, respectively. There was a significant difference in the densities of α-SMA-positive microvessels between the bevacizumab-treated group and the two control groups (P<0.01).
Effects of bevacizumab treatment on apoptosis in OSCC xenografts.
A histopathological analysis was performed with TUNEL staining, in order to examine apoptosis in the OSCC xenografts. As demonstrated in Fig. 6 , the apoptosis indexes in the untreated, saline-treated and bevacizumab-treated groups were 0.6±1.0, 0.7±0.9 and 5.9±6.3%, respectively. There was a significant difference in apoptosis levels between tumors treated with bevacizumab and tumors treated with either saline or left untreated (P<0.01).
Discussion
In the present study, the in vivo antitumor effects of bevacizumab were investigated in an OSCC xenograft model. It was identified that bevacizumab significantly inhibited tumor growth in the HSC-3-bearing nude mouse model. Histopathological analysis with CD31 staining of the xenograft samples indicated that bevacizumab treatment significantly decreased microvessel density compared to saline treatment or no treatment. These data are concordant with previous studies stating that treatment with bevacizumab induced significant microvessel damage and tumor necrosis in HNSCC (17, 18) . It was also identified that bevacizumab treatment significantly reduced the density of α-SMA-positive microvessels compared with the control treatments. A previous study revealed that the expression ratio of α-SMA/CD31 in a high VEGF group was significantly increased compared with that in a low VEGF group in glioblastoma multiforme (25) . Furthermore, inhibition of VEGF by bevacizumab treatment significantly decreased the density of α-SMA-positive microvessels in neuroblastoma compared with untreated control (26) . These data support our hypothesis that bevacizumab treatment may mediate the suppression of immature and mature tumor vessels in an OSCC xenograft model.
The data of the present study also indicate that peritumoral bevacizumab injections have significant antitumor effects in an OSCC xenograft model. It is well known that local administration enhances antitumor effects in the treatment of SCC. Tumor volume presented as mean ± SD.
For example, local injection of OK-432, a penicillin-killed and lyophilized preparation of a low-virulence strain of Streptococcus pyogenes (group A), was revealed to be effective in the treatment of SCC, including OSCC and esophageal carcinoma (27, 28) . Yamada et al (29) confirmed that local OK-432 injection induced tumor necrosis in SCC mouse models. In the present study, it was identified that apoptosis was significantly induced in xenograft tumors treated with bevacizumab as compared with those treated with either saline or left untreated. Other previous studies have also suggested that local administration of bevacizumab was able to induce apoptosis in SCC xenografts (16, 18, 19) , indicating that it may be beneficial for the induction of apoptosis in OSCC. The primary purpose of the present study was to evaluate inhibition of angiogenesis by peritumoral injection of bevacizumab. To examine the microvessels around the tumor, the tumor along with the overlying skin and the surrounding tissues was removed. Tumor growth was determined by estimated tumor volumes, not by the tumor weights. In their study on the photodynamic therapy for R3230AC mammary carcinoma, Gibson et al (30) compared the calculated tumor volumes by tumor width and height to the surgically removed tumor volumes by their water displacement (30) . They confirmed that the difference between calculated tumor volumes and water replacement data was ~20%, and based on these data, they monitored tumor growth by calculating tumor volumes (30) . Other studies have also used calculated tumor volume as an indicator of tumor growth (16, 17, 19) .
The experimental methods in the present study have some limitations. The present study focused on tumor angiogenesis and examined the densities of CD31-and α-SMA-positive microvessels around the tumor, and the tissues removed from the mice included skin, subdermal and tumor tissues. Thus, it was difficult to perform specific experiments, including western blotting, to evaluate the protein expression associated with the antitumor effect of peritumoral bevacizumab injection.
In the present study, peritumoral injections were selected over intratumoral injections for the administration of bevacizumab. Dvorak and Gresser (31) also employed peritumoral injections to avoid the possibility of needle-induced injury caused by intratumoral injections, and indicated that peritumoral injections of interferon damaged tumor microvessels and markedly suppressed tumor growth in their mouse model. In addition, Marumo et al (32) demonstrated that peritumoral injections were superior to subcutaneous injections in their ability to inhibit tumor growth in a nude mouse model of renal cell carcinoma. These data suggest that peritumoral injection is an effective method for the tumor treatments.
Regarding the method of peritumoral injection, a Hamilton microliter syringe with a 26-gauge needle was used in the present study. The needle was subcutaneously inserted a distance of 5 mm from the tumor periphery into the caudal side, positioned to a distance of 2 mm from the tumor periphery, and then 25 µl bevacizumab or saline solution was injected. The other 25 µl of the solution was injected into the rostral side by the same method. Consequently, the tumor was surrounded by the solution injected without any leakage. Yang et al (33) described a model in which macrophages were peritumorally injected at 4 locations surrounding the tumor mass. They tested intratumoral and peritumoral injections of macrophages, and found that the peritumoral injection was more efficient than intratumoral injection. Kitamura et al (34) described a method in which they administered 125 I monoclonal antibody peritumorally at one location (the distal portion) of the tumor in nude mice. It was concluded that antibody recruitment into the tumor was more efficient using the peritumoral injection than the intravenous injection. These 2 reports demonstrate that the peritumoral injection at 4 locations or one location surrounding the tumor was more effective than other injections, including the intratumoral and intravenous injection.
VEGF binds two primary tyrosine kinase receptors, VEGF receptor (VEGFR)-1 and VEGFR-2, in the vascular endothelium (35) . The binding of VEGF with its receptors serves an important role in regulation of angiogenesis (35) . VEGF expression was increased in tumor cells, and VEGF receptor expression was increased in CD31-positive endothelial cells in a mouse xenograft model of HNSCC (36) . Henriques et al (37) demonstrated that VEGF was expressed in tumor and stromal cells in OSCC (37) , and serum levels of VEGF were demonstrated to be increased in advanced T3/T4 tumors compared with early T1/T2 tumors (38) , indicating that VEGF promotes tumor growth in OSCC. Conversely, bevacizumab is known to inhibit biological activity of VEGF (12) . Therefore, peritumoral bevacizumab injection may have suppressed tumor angiogenesis and growth by inhibiting VEGF, which binds VEGF receptors in the tumor stroma (39) , in this OSCC nude mouse xenograft model. However, additional studies are required to confirm the mechanism of inhibiting tumor growth by peritumoral bevacizumab injection.
In conclusion, peritumoral bevacizumab injections were identified to inhibit tumor growth in OSCC xenografts. It was also demonstrated that treatment with bevacizumab significantly reduced the densities of the CD31-and α-SMA-positive microvessels, and increased the tumor apoptosis index compared with the saline-treated or untreated groups. These data collectively suggest an experimental basis for the clinical development of peritumoral bevacizumab injections for the treatment of OSCC.
